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BRIEF: 

A computer-based method h a s  been developed f o r  e x t r a c t i n g  from GC/MS d a t a ,  

component mass s p e c t r a  t h a t  have had background removed and which have been 

c o r r e c t e d  f o r  c o n t r i b u t i o n s  from ne ighbor ing  components. 

ABSTRACT : 

A computer-based method has  been developed f o r  e x t r a c t i n g  from GC/MS da ta ,  

con;ponont mass s p e c t r a  t h a t  have had background removed and which have been 

c o r r e c t e d  for  c o n t r i b u t i o n s  from ne ighbor ing  components. Components are d e t e c t e d  

i n  t h e  data by a p a i r  o f  his tograms which c h a r a c t e r i z e  t h e  p o s i t i o n s  of mass 

fragmentogram peak modes. 

t o  f a c i l i t a t e  t h e  r e s o l u t i o n  o f  m u l t i p l e t  fragmentogram complexes and t o  c o r r e c t  

Tabu la r  least  s q u a r e s  peak modeling i s  then employed 

t h e  data  f o r  background c o n t r i b u t i o n s  and for  peak s a t u r a t i o n .  These c o r r e c t i o n s  

a r e  a l l  e s s e n t i a l  p r e r e q u i s i t e s  f o r  o b t a i n i n g  r e p r e s e n t a t i v e  mass s p e c t r a  from 

GC/YS d a t a  of complex mixtures  on a r o u t i n e  basis. Using t h e  present approach, 

conponents  t h a t  e l u t e  wi th in  two sc2n times can be detected and reso lved  i n t o  

t h e i r  r e s p e c t i v e  c o n t r i b u t i o n s .  
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IKTRCDUCTION:  

With t h e  i n c r e a s i n g  a p p l i c a t i o n  of gas chronatography/Eass  spec t romet ry  

(GC/; . :S)  systems t o  mixture  component i d e n t i f i c a t i o n  i n  biomedical  research ( 1 ,  2) 

and o t h e r  areas ( 3 1 ,  i t  has  becone important  t o  be able  t o  s y s t e m a t i c a l l y  i s o l a t e  

and i d e n t i f y  minor components i n  t h e  complex mixtures  being ana lyzed .  Because o f  

i n s t rumen ta t ion  l i m i t a t i o n s ,  t h e  mass spectra obta ined  from a CC/MS a n a l y s i s  of a 

coaplex mixture  are o f t e n  markedly d i f f e r e n t  from t h e  spectra o f  t h e  

cor responding  pure  compounds. D i f f e rences  may. be caused by c o n t r i b u t i o n s  from 

unresolved ne ighbor ing  components du r ing  p a r t i a l  s e p a r a t i o n  and also from GC 

sep tun  and colunn bleed. These ex t raneous  c o n t r i b u t i o n s  may s e v e r e l y  d i s t o r t  t h e  

r e l z t i v e  i n t e n s i t i e s  of i o n s  i n  t h e  mass spectrum of a p a r t i c u l a r  component as  

well as c o n t r i b u t e  peaks t h a t  are no t  c h a r a c t e r i s t i c  of  t h e  component be ing  

examined. C h a r a c t e r i z a t i o n  and removal o f  t h e s e  spu r ious  ion  c o n t r i b u t i o n s  is 

e s p s e i a l l y  - important  i n  t h e  a n a l y s i s  o f  minor c o n s t i t u e n t s  where t h e  mass s p e c t r a  
- .  

o f  i n t e r e s t  may be s u b s t a n t i a l l y  masked o r  d i s t o r t e d .  

Cur  o b j e c t i v e  h a s  been t o  implement a s o l u t i o n  t o  t h e s e  problems which is 

g e n e r a l  and can s y s t e m a t i c a l l y  and r e l i a b l y  r e so lve  GC/MS d a t a  w i t h  a minimum of 

human i n t e r v e n t i o n .  A t  t he  same time we have cons t r a ined  t h e  des ign  so t h a t  t h e  

p r o g r m s  can run  on a l a b o r a t o r y  mini-computer. The first of t h e s e  o b j e c t i v e s  

h a s  n e c e s s i t a t e d  t h e  use  o f  a r e l a t i v e l y  complex mathematical t r e a t m e n t  of t h e  GC 

peak p r o f i l e  a n a l y s e s  a s  compared t o  t h a t  p rev ious ly  r e p o r t e d  by B i l l e r  and 

Biomanr. ( 4 ) .  Both t h e  p r e s e n t  approach and t h a t  of r e f e r e n c e  (4) are based on 

a n a l y s e s  o f  mass.fragmentogram p r o f i l e s  ( 4 ,  5,  and 6 ) ,  a method which h a s  been i n  

use  i n  v a r i o u s  l a b o r a t o r i e s  f o r  a number of  years, i n c l u d i n g  our own. The method 

desc r ibed  h e r e ,  however, d i f f e r s  s u b s t a n t i a l l y  i n  t h e  e x t r a c t i o n  of informat ion  

from t h e  p r o f i l e s  and the reby  avo ids  s e v e r a l  s e r i o u s  l i m i t a t i o n s  i n h e r e n t  i n  t h e  
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system desc r ibed  p r e v i o u s l y  (4). 

shapes  de r ived  from t h e  raw data conbined w i t h  an s p p r o x i m t i o n  t o  t h e  GC 

background, and by deploying  t h e  e lu t an t  l o c a t i o n  and n u l t i p l i c i t y  in fo rma t ion  

ga ined  i n  a n a l y z i n g  i n d i v i d u a l  fraqmentogram p r o f i l e s  t o  assist i n  a n a l y z i n g  t h e  

o t h e r s ,  we can a c h i e v e  s i g n i f i c a n t  advantages i n  t h e  q u a l i t y  of  t h e  reduced data  

as d e t a i l e d  i n  t h e  fo l lowing  s e c t i o n s .  These inc lude  b e t t e r  f i n a l  GC r e s o l u t i o n ,  

By us ing  tabblar  n o d e l s  o f  t h e  e l u t a n t  peak 

t n e  proper ass ignment  of i o n s  t o  reso lved  e l u t a n t  s p e c t r a  (whether or n o t  t h e y  

are shared  between ne ighbor ing  components), more a c c u r a t e  s p e c t r a l  ampl i tudes  

f r e e  from background c o n t r i b u t i o n s ,  and t h e  recovery o f  u s a b l e  i n f o r n a t i o n  from 

damaged data as i n  s a t u r z t e d  peaks. We feel these improvements are c r i t i c a l  t o  a 

system which can r e l i a b l y  e x t r a c t  component s p e c t r a  o f  s u f f i c i e n t l y  h i g h  q u a l i t y  

from GC/MS r u n s  t o  e n a b l e  more d e f i n i t i v e  l i b r a r y  matching,  easier  human 

i n t e r p r e t a t i o n  o f  unknowns, and even t h e  a d d i t i o n  o f  e x t r a c t e d  s p e c t r a  t o  t h e  

l i b r a r y  2s a u t h e n t i c  s p e c t r a .  I n  our experiezce these w e  e s s e n t i a l  assets f o r  a 

GC/MS data systern which is t o  be r o u t i n e l y  a p p l i e d  i n  medica l  r e s e a r c h  and amply 

j u s t i f y  t h e  complexi ty  of t h e  a n a l y s i s .  

EXFERIMEHTAL : 

The GC/MS computer system used i n  t h i s  i n v e s t i g a t i o n  c o n s i s t s  of a F inn igan  

1015 Quadrupole  mass spec t romete r  i n t e r f a c e d  t o  a PDP11/20 mini-computer system 

f o r  data a c q u i s i t i o n .  I n  one f r equen t  mode o f  o p e r a t i o n  a complete mass scan  

(from mass 40 t o  450) i s  completed each 3.7 seconds and 600 conseau t ive  mass 

s p e c t r a  are collected d u r i n g  a t y p i c a l  GC/MS a n a l y s i s .  Our i n i t i a l  expe r i ence  o f  

comparing t h e  expe r imen ta l  mass s p e c t r a  f r o a  a complex GC/MS a n a l y s i s  w i th  a 

l i b r a r y  of known mass spectra produced very poor r e s u l t s  due t o  contaminat ion  o f  

t h e  expe r imen ta l  data by s p e c t r a  o f  column bleed and of ne ighbor ing ,  unreso lved  
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conponents .  Tolerab le  matches were only  achieved when r_ cc ipoz in t  was p r e s e n t  i n  

l a r g e  q u a n t i t y  i n  t h e  GC/MS a n a l y s i s .  

have developed a computer program capab le  o f  s y s t e n a t i c z l l y  e x t r a c t i n g  f r o n  t h e  

I n  o rde r  t o  o v e r c m e  t h e s e  p r o b l e m ,  we 

raw GC/MS d a t a ,  s p e c t r a  r e p r e s e n t a t i v e  o f  t h e  pure e l u t a n t  compounds. 

The raw mass spectrum (F igure  l a )  of i n d o l e  acet ic  Zc id  3-rothyl  ester 

ob ta ined  from a GC/MS a n a l y s i s  of t h e  acidic  f r a c t i o n  ( z f t e r  me thy la t ion )  of 

human u r i n e  t y p i f i e s  t h i s  s i t u a t i o n .  

number 492 i n  t h e  t o t a l  ion  p l o t  ( T I C )  shown i n  F igu re  2. Closer  examinat ion of I 

F i g u r e  2 shows t h a t  t h i s  component i s  submerged both i n  mass spectral  

c o n t r i b u t i n n s  from neighboring components and backqroun:! due  t o  GC column bleed. 

Th i s  component e h t e s  a t  or  n e a r  s p e c t r c n  

For comparison a l i b r a r y  spectrum (7)  of i n d o l e  acet ic  rcid 3-methyl ester is  

shown i n  F i g u r e  3. F igure  l b  shows how a f t e r  processir .g  t h e  rax GC/???  data  by 

the  method descr ibed  below we can r e t r i e v e  a h igh  q u a l i t y  mtss spectrum of i n d o l e  

a c e t i c  a c i d  3-zethyl  ester free from t h e  environmental  ?erturba:ions p r e s m t  i n  

F i g u r e  l a .  

I n  t h e  sys temat ic  a n a l y s i s  of CC/WS data t h e  p r o b l i n  is then  first; t o  detect  

where i n  t h e  GC trace each component shows its maximurn ion  i n t e n s i t y  and the:! t o  

extract  from t h e s e  r eg ions  r e p r e s e n t a t i v e  s p e c t r a  of each of t h e  detected 

components. The extracted mass s p e c t r a  should  be as free as  p o s s i b l e  from 

i n t e n s i t y  d i s t o r t i o n s ,  r e l a t i v e  t o  t h e i r  l i b r a r y  c o u n t e r p a r t s ,  2nd from t h e  

presence  of i o n s  t h a t  are not  p r e s e n t  i n  t h e  r e f e r e n c e  ( l i b r a r y )  mass spectrm of 

each component (e.g., peaks from e i t h e r  ne ighbor ing  corponents  cr gas 

chromatographic  column b leed) .  

DESCRIPTION METHOD: 

To o b t a i n  a r e l i a b l e  s o l u t i o n  t o  these problems, i t  is necessary  t o  afialyze 
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a number of s p e c t r a  on e i t n e r  s i d e  o f  t h s  i on  c u r r e n t  rsaximn f o r  each  elutan:. 

A basic  assurnption of our  approach i s  t n a t  t h e  mass spoc t r a  of  two ne ighbor i cg  

unresolved e lu tan ts  can be  d i s t i n g u i s h e d ;  t h a t  is ,  ' there  e x i s t  soffie masses f o r  

which i o n s  occur  i n  t h e  n a s s  spectrum o f  one component but no t  i n  t h e  o t h e r  and 

v i c e  ve r sa .  A schematic r e p r e s e n t a t i o n  f o r  two c l o s e l y  spaced e l u t a n t s  is g i v e n  

i n  F igu re  4 .  By l o c a t i n g  t h e  " reso lved"  o r  s i n g l e t  fragmentogram peaks 2t such  

masses (detected on t h e  b a s i s  of p r o f i l e  morphology) one can i n f e r  d i r e c t l y  t h e  

p o s i t i o n s  o f  t h e  e l u t a n t s  p r e s e n t  and d e r i v e  t a b u l a r  models of t h e  i n d i v i d u a l  

peak shapes which can be used t o  s e p a r a t e  t h e  unresolved fragnentogram complexes. 

The use o f  t a b u l a r  peak models de r ived  f r o n  t h e  data i t s e l f  a c c u r a t e l y  

accommodates t h e  5 p r i o r i  unknown peak p r o f i l e s  o f  p a r t i c u l a r  e l u t a n t s  wi thout  

s o l v i n g  f o r  mul t iparameter ,  non- l inea r  nodel  f u n c t i o n s .  S ince  t h e  data are 

sampled o f t e n  enough t o  s a t i s f y  t h e  szmpling theorem (81, t h e s e  t a b u l a r  models 

c o n t a i n  t h e  necessary in fo rma t ion  t o  r e c o n s t r u c t  t h e  cont inuous  peak envelope and 

can t h e r e f o r e  be used as i f  t h e y  were cont inuous  a n a l y t i c a l  models. For t h e  

t y p i c a l  peak shapes encountered ,  t h e  c o l l e c t i o n  of  5-10 mass s p e c t r a  per  s i n g l e t  

e l u t a n t  peak r e p r e s e n t s  a s a n p l i n g  frequency greater than  twice t h e  F o u r i e r  

bandwidth  o f  t h e  peak. I n  a d d i t i o n ,  t h e  mass by mass a n a l y s i s  o f  t h e  

fragmentogrzm peak complexes f ac i l i t a t e s  t h e  mass dependent s u b t r a c t i o n  o f  

background. 

-. 
. _  

(The large v a r i a t i o n  i n  background l e v e l s  f o r  d i f f e r e n t  masses is  a 

f u n c t i o n  o f  both t h e  t y p e  o f  CC column used and t h e  mixture  being ana lyzed) .  

By addres s ing  t h e  problem i n  t h i s  way we have been able t o  produce accurate 

i n t e n s i t y  information f o r  t h e  processed  mass s p e c t r a  and s imul taneous ly  

d i s t i n g u i s h  w i t h  g r e a t e r  conf idence  which masses c o n t r i b u t e  t o  p a r t i c u l a r  e l u t a n t  

s p e c t r a .  We have been able t o  d i s t i n g u i s h  r e l i a b l y  e l u t a n t s  coning o f f ' w i t h i n  

one and a h a l f  t o  two s p e c t r a l  scan  t ines  o f  each o t h e r .  The succeeding  s e c t i o n s  
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d i s c u s s  i n  more d e t a i i  t h e  procedures  used t o  dktect  a ~ d  r e s c l v e  $he 325s s p e c t r a  

o f  unique e l u t a n t s .  

De tec t ion  of e l u t a n t s  i n  GC/NS data: 

E l u t a n t  d e t e c t i o n  invo lves  f i n d i n g  t h e  l o c a t i o n  o f  each mixture  con2cneni i n  

t h e  GC/HS da ta ,  even i f  it does not  have a cor responding  pe ik  maximun i n  t h e  

o v e r a l l  t o t a l  i on  c u r r e n t  trace.  I d e a l l y  f o r  a g i v e n  e l u t a n t ,  t h e  f r sQentograrns  

f o r  a l l  i ts  i o n  masses w i l l  show maxima a t  t h e  same t i E $  and i n  p r a c t i c e  t h i s  

h o l d s  f o r  wel l - reso lved  materials. However, f o r  p a r t i a l l y  r e so lved  mix tu res ,  t h e  
\ 

compl i ca t ing  f a c t o r s  o f  peak ove r l ap  and background c o n t r i b u t i o n s  can CBUSD, 

f ragnentogram maxima f o r  ne ighbor ing  components t o  show s i g n i f i c z n t  v a r i 9 t i o n  i n  

t h e i r  p o s i t i o n s  on t h e  time axis .  Reliable p o s i t i o n  i n f o r n a t i o n  f o r  e m h  e l u t a n t  

is best de r ived  from t h e  fragnentogram p r o f i l e s  c o n t a i n i n g  s i n g l e t  peaks :or t h a t  

e l u t a n t ,  t h a t  is, from fragmentograms at those  s p e c t r a l  masses unique t o  t h e  

e l u t a n t  r e l a t i v e  t o  i t s  neighbors .  Thus e l u t a n t  d e t e c t i o n  r z y  be viewed 2s 

l o c a t i n g  such peaks. 

The basic  approach used f o r  e l u t a n t  d e t e c t i o n  i s  t o  conpute  two h i s t o f  rram 

of  cand ida te  s i n g l e t  peak p o s i t i o n s  and t o  s e l e c t  as e l u t a n t  l o c a t i o n s  

s i g n i f i c a n t  h i s togram maxima. The first h is togram measures  t h e  number o f  s i n s l e t  

mass fragmentogram p r o f i l e s  which r each  maxima i n  each  t i n e  i n t e r v a l .  The second 

h is togram measures  t h e  t o t a l  s i n g l e t  i on  i n t e n s i t y  above background a t  t h o s e  

maxima. These two t y p e s  o f  his togram c o n t r i b u t e  complecentary i q f o r n a t i o n  f o r  

j udg ing  e l u t a n t  l o c a t i o n s .  A t  a g iven  e l u t i o n  time, t h e  h is tograms i n c l u d e  

fragmentogram peak maxima from a l l  masses over  seven  s p e c t r a .  

each  maximum i s  determined by a p a r a b o l i c  least  s q u a r e s  i n t e r p o l a t i o n  about  the 

The pos i t i c r !  o f  

t o p  f i v e  p o i n t s  i n  t h e  sampled  peak d a t a .  I f  t h e  i n t e n s i t i e s  o f  t h e  f i v e  p o i n t s  
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c o n t r i b u t i n g  t o  t h e  maximum a r e  Y,2t Y-, , Yo' Y'l 

t h e  time c o o r d i n a t e  o f  t h e  naxinua i s  

and Y2' then t h e  express ion  f o r  

t 
7 (2 Y,* + Y-1 - Y1 - 2 Y,) 

10 ( 2  Y-2 - Y-, - 2 Yo - Y1 + 2 Y2) 

The time c o o r d i n a t e s  o f  maxima are  e s t i n a t e d  t o  one t h i r d  o f  t h e  t ize  t o  c o l l e c t  

each spectrum i n  o r d e r  t o  separate very c l o s e  ne ighbors .  Because we measure peak 

l o c a t i o n s  t o  one t h i r d  o f  a spec t ra l  scan  time, a p p r o p r i a t e  s h i f t s  are a l s o  

inc luded  t o  account  f o r  t h e  f a c t  t h a t  h ighe r  masses are Reasured l a t e r  i n  each 

s p e c t r a l  s can  than  lower masses. To b u i l d  t h e s e  h i s tog rams ,  t h e  program examines 

t h e  p r o f i l e s  o f  each mass fragmentogram i n  t h e  data. Only peaks with i n t e n s i t i e s  

above a p resc r ibed  t h r e s h o l d  are added i n t o  t h e i r  a p p r o p r i a t e  time p o s i t i o n s  i n  

t h e  his tograms.  Peaks t h a t  are obvious m u l t i p l e t s  ( m u l t i p l e  extrema) are not 

i nco rpora t ed  i n t o  t h e  h is tograms but  are marked f o r  la ter  r e s o l u t i o n .  After a l l  

o f  t h e  h is togram in fo rma t ion  i s  collected f o r  a g i v e n  r e g i o n ,  compounds are 

d e f i n e d  t o  be  detected a t  l o c a t i o n s  where both t h e  i n t e n s i t y  and peak count 

h i s tograms show maxima t h a t  are above a t h r e s h o l d .  T h i s  s t a t i s t i c a l  approach,  

l ook ing  for  "c lus t e r s l l  of fragmentogram peaks i n  t h e  h is tograms,  does n o t  depend 

upon a c o r r e c t  d e c i s i o n  f o r  each  peak but  r a t h e r  on a preponderance o f  good 

d e c i s i o n s  looking  ove r  a l l  o f  t h e  da t a .  It w i l l  f a i l  t o  r e s o l v e  e l u t a n t s  very 

c l o s e  t o g e t h e r  which do n o t  have enough d i s t i n g u i s h i n g  mass s p e c t r a l  components 

as  described above. I n  g e n e r a l ,  however, u s i n g  t h i s  approach we are able t o  

detect  and r e s o l v e  s p e c t r a  r e l i a b l y  t h a t  e l u t e  w i t h  a s e p a r a t i o n  i n  time as small 

as  one and a h a l f  t o  two s p e c t r a l  scan times. (Two scan  times corresponds t o  25 

p e r c e n t  o f  a t y p i c a l  GC peak width a t  t h e  scan  r a t e  we u s e ) .  E lu t an t s  t h i s  c l o s e  

o f t e n  do no t  show m u l t i p l e  extrema i n  t h e  fragmentoqram p r o f i l e s  of aasses ccmmon 
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t o  bo th  spectra and could no t  be s e p a r a t e d  proper ly  except f o r  t h i s  t y p e  of 

procedure.  

becomes more u n c e r t a i n  depending on t h e i r  r e l a t i v e  concen t r a t ions  and 13zss 

spectral  d i s t i n c t n e s s .  

I f  two e l u t a n t s  ar'o sepa ra t ed  by less than  1.5 scan t i n e s ,  r e s o l u t i o n  

Es t imat ion  of s ~ e c t r a l  i n t e n s i t i e s  and background 
-7 f o r  well reso lved  e l u t a n t s :  

Once t h e  l o c a t i o n s  o f  e l u t a n t s  i n  t h e  GC e f f l u e n t  have been de termined ,  we 

proceed t o  compute a r e so lved  spectrum for  each material. To i l l u s t r a t e  t h e  

p r i n c i p l e s  involved i n  s p e c t r a l  ampli tude and background e s t i m a t i o n ,  we c o n s i d e r  

t h e  s i m p l e  case o f  an e l u t a n t  t h a t  i s  well sepa ra t ed  i n  t i n e  from i ts  n e a r e s t  

ne ighbors .  

m u l t i p l e t  r e s o l u t i o n  i n  a l a t e r  s e c t i o n .  By "well-separated" we imply o n l y  t h a t  

there are no m a x i m a  i n  t h e  e l u t a n t  d e t e c t i o n  his tograms f o r  t h r e e  o r  f o u r  s p e c t r a  

on e i t h e r  s i d e  o f  t h e  e l u t a n t  under  cons ide ra t ion .  I n  such a s i t u a t i o n ,  each  o f  

t h e  I C ~ S S  fragmentogram p r o f i l e s  i n  t h e  v i c i n i t y  o f  t h e  e lu tan t  w i l l  consist  o f  a 

T h i s  a n a l y s i s  w i l l  be extended to  t h e  more complicated case of 

background on which is  superimposed a peak w i t h  ampli tude r e p r e s e n t a t i v e  of t h e  

e l u t a n t  s p e c t r a l  component a t  t h a t  mass. The background (due t o  both  GC c o l u m  

bleed  and p o s s i b l e  t a i l i n g  from nearby,  hiqh-concentrat ion e l u t a n t s )  is 

d i s t i n g u i s h e d  from t h e  e l u t a n t  peak by t h e  fact  t h a t  i t  v a r i e s  much more s lowly  

w i t h  time. Reasonable estimates can be made by assuming t h a t  f o r  any p a r t i c u l a r  

mass fragmentogram t h e  c o n t r i b u t i o n  is l i n e a r  (see Figure  5). T h i s  approach t o  

background de te rmina t ion ,  u s i n g  t h e  a c t u a l  fragmentogram c h a r a c t e r i s t i c s '  i n  t h e  

v i c i n i t y  of  each  e l u t a n t ,  a u t o m a t i c a l l y  t r a c k s  changes i n  t h e  b l eed  l e v e l s  

observed d u r i n g  a run. 

a p p r o x h a t i o n  s u b j e c t  t o  some error. 

r e p r e s e n t i n g  t h e  background v a r i a t i o n s  ove r  a l a r g e r  span of s p e c t r a l  s c a n s  than  

It should  be noted t h a t  our model is a f irst  o r d e r  

A more a c c u r a t e  approximation would invo lve  
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we a re  ab12 t o  manage w i t h  t h e  c u r r e n t  p r o g r m  o rgan iza t ion  and  conpu te r  mizory 

l i m i t a t i o n s .  We fee l  t h a t  t h e  l i n e a r  e s t i m a t e  i s  j u s t i f i e d ,  however, i n  t h a t  i t  

produces  r e s u l t s  w i t h i n  t h e  error l i m i t s  dus  t o  o t h e r  data  u n c e r t a i n t i e s .  

To complete t h e  e s t i m a t i o n  process  we use a model peak t o  de termine  t h e  

c o n t r i b u t i o n  of each mass fragmentogram t o  t h e  e l u t a n t  spectrum. Much work h2s 

been done on t h e  a n a l y t i c  approximation o f  gas  chromatographic peak shapes ( 9 ,  

10) .  Our exper ience  h a s  been t h a t  r e l a t i v e l y  s imple  models do n o t  adequate ly  

approximate t h e  range  of shapes  encountered and nore  complex models r e q u i r e  large . 

amounts o f  computing t o  de termine  model p a r m e t e r s .  Noting t h a t  a s e p a r a t e  model 

m u s t  be. developed f o r  e a c h  e l u t a n t  and wi th  a v ie i t  toward o b t a i n i n g  t h e  peak 

shape  a d  d e f i n i t i o n  necessa ry  f o r  m u l t i p l e t  r e s o l u t i o n  w i t h i n  r easonab le  

computing r e s o u r c e s ,  we have approached t h e  problem by u s i n g  t a b u l a r  peak models 

t a k e n  from t h e  d a t a  i t s e l f .  Such models, def ined  a t  discrete sample p o i n t s ,  can 

be eva lua ted  a t  any r e q u i r s d  i n t e r f i a d i a t e  p o i n t  by i n t e r p o l a t i o n  ( s i n c e  t h e  

s a n p l i n g  theorem is  s a t i s f i e d )  and au tomat i ca l ly  reflect  any peak asymmetries 

which may be p resen t .  Fo r  a g i v e n  e l u t a n t ,  t h e  model w i l l  be independent  of 

mass, assuming t h a t  r e l a t i v e  molecular  f ragmentat ion p r o b a b i l i t i e s  do n o t  change 

w i t h  e l u t a n t  p r e s s u r e  w i t h i n  t h e  mass spec t rometer .  A number of cr i ter ia  should  

be s a t i s f i e d  by t h e  t a b u l a t e d  model peaks. They should be  s i n g l e t  peaks 

superimposed on as  small a background as p o s s i b l e  and t h e y  shou ld  b e  r e l a t i v e l y  

i n t e n s e  i n  o r d e r  t o  e n s u r e  a good s igna l - to-noise  r a t i o  and good d e f i n i t i o n  o f  

peak s k i r t s .  

Candidate  s i n g l e t  peaks may be d i s t i n g u i s h e d  from doub le t  or background 

peaks  by t h e  f e a t u r e - t h a t  t h e y  are r e l a t i v e l y  sharp .  One way t o  measure peak 

‘sharpness’  i s  t o  use  a l o g a r i t h m i c  r a t e  func t ion  de f ined  as fo l lows :  ’ 

- 1  t = l  
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where t h e  Y are  eva lua ted  a t  equal  scan w i d t h s  a t  each s i d e  of  t h e  node of t5e 

peak. 

s n a l l e r  f o r  peaks which are broad. 

t 
It can be s e e n  t h a t  t h i s  r a t e  w i l l  be l a r g e  f o r  peaks which are shz rp  a113 

The rate as def ined  is a l s o  independent of 

ampl i tude  f o r  peaks o f  i d e n t i c a l  shape. A peak w i t h  a computed r a t e  below a 

t h r e s h o l d  a p p r o p r i a t e  t o  t h e  experimental  c o n d i t i o n s  i s  considered t o  be e i t h e r  

a n  a r t i f a c t  o f  t h e  gas chromatograph (background peak)  o r  a r cu l t i p l e t  and is r o t  

i nc luded  i n  t h e  d e t e c t i o n  histograms. 

During t h e  p rocess  o f  computing t h e  d e t e c t i o n  h is tograms,  a list is  kept  o f  

t h e  uninodal  fragmentogram peaks having t h e  h i g h e s t  rate f a c t o r s  i n  t h e  regior! 

under  a n a l y s i s .  When a component is  detected i n  a g iven  r eg ion ,  a model peak is  

t h e n  immediately i n  hand t h a t  can be used i n  t h e  peak h e i g h t  estilmation and 

background removal process .  The l o c a l  n i n i n a  j u s t  on e i t h e r  s i d e  of  t h e  model 

peak are used as estimates of  t h e  l o c a l  background ( a  s t r a i g h t  l i n e  through t h o  

greatest  of these minima i s  reffioved be fo re  the  model peak i s  used f o r  a n a l y s i s ) .  

The s e l e c t i o n  of  t h e  peak with t h e  h i g h e s t  rate f a c t o r  as our  model peak h a s  

worked well i n  producing models which are s i n g l e t s  and s u f f e r  l e a s t  from 

i n t e r f e r e n c e  by background and ne ighbor ing  fragmentogram peaks. 

Given t h e  fragmentoqram peak model f o r  t h i s  case o f  a well-separated 

e l u t a n t ,  we can now c o r r e c t  t h e  i n d i v i d u a l  mass fragmentograms f o r  background 2nd 

estimate t r u e  mass s p e c t r a l  i n t e n s i t i e s  f o r  t h e  e l u t a n t .  

e x h i b i t i n g  peak maxima t h e  l o c a t i o n  of t h i s  e l u t a n t  (see below f o r  

d e t a i l e d  s e l e c t i o n  c r i t e r i a ) ,  each peak i n  t h e  set  i s  q u a d r a t i c z l l y  i n t e r p o l a t e d  

t o  a l i g n  i t  on a common time o r i g i n  ( t h i s  removes t h e  time s h i f t  between 

For  t h e  fragmentoqraas  

c o l l e c t i o n  o f  low and h igh  mass data) .  T h i s  i s  done by f i t t i n g  a parabola  - 

through success ive  groups  of  t h r e e  p o i n t s  n e a r  t h e  peak mode and i n t e r p o l a t i n g  t o  

g i v e  f o u r  equa l ly  spaced po in t s  about t h e  mode, s e p a r a t e d  by one s p e c t r a l  s c m  
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time. With  t h e  beaks i n  t h i s  s t anda rd  form they are ready f o r  t h e  l eas t  s c u a r e s  

a n a l y s i s  below. 

s c a n  i n t e r v a l s  under c o n s i d e r a t i o n ,  t h e  l o c a l  background B a t  time t is 

Assuming a l i n e a r  background mode: over  t h e  r e s i o n  of 5 t o  10 

t 

represented by 

Et = c + d . t  

where c is t h e  background o f f s e t  and d is  its s lope .  The i n t e r p o l a t e d  e l u t a n t  

peak node l  is normalized t o  u n i t  area and has ampli tudes Pt a t  times t .  

a g iven  mass fragmentogram, t h e  ampl i tude  o f  t h e  a c t u a l  fragmentogram p r o f i l e  Yt 

a t  t i n e  t can be r e p r e s e n t e d  by 

Then for  

Yt = p Pt  + (c  + d t )  

where p measures t h e  e l u t a n t  ampl i tude  above background. Note t h a t  t h i s  model 

assumes a supe rpos i ton  p r i n c i p l e  based on t h e  ear l ie r  mention o f  mass 

spec t rometer  f ragmenta t ion  p r o b a b i l i t i e s  and a l i n e a r  encoding o f  i o n  c u r r e n t  

in format ion .  If i o n  c u r r e n t  data are ob ta ined  from non- l inear  e l e c t r o n i c  sys t ems  

o r  read from film, t h e  peak model i t se l f  would be ampli tude dependent.  From t h i s  

model we can d e r i v e  a leas t  s q u a r e s  estimate f o r  t h e  e l u t a n t  a a p l i t u d e  p 2nd t h e  

background parameters  c and d by a i n i n i z i n q  t h e  e r r o r  f u n c t i o n  

E = C ( Y t - p P t - c - d t )  2 

The e r r o r  i s  minimum when 

. which y i e l d s  t h r e e  l i n e a r  e q u a t i o n s  i n  t h r e e  v a r i a b l e s  

p x P t 2  + c Pt + d t Pt = Pt Yt 

P E P t  + c N  + d x t  = CYt 
p x t P t  + c z t  + d x t 2  = ctYt 
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where N i s  t h e  nunper of p o i n t s  i n  t h e  s u ~ m a t i o n .  It is xc r t ' n  no t ing  t h i 5  t X s  

method, u s i n g  a t a b u l a r  model De.,!< der ived  from t h e  d a t z  ~i s l u t a n t  IoczSions  

ob ta ined  from t h e  d e t e c t i o n  his togram a n a l y s i s ,  reduces th2 c a l c u l a t i o n  fo r  e2ch 

mass spec t rum i n t e n s i t y  t o  t h e  s o l u t i o n  of  a s e t  o f  1 iRezr  equa t ions .  

S p e c i f i c a l l y  t h i s  a v o i d s  i t e r a t i v e  methods f o r  determining t h e  parameters ox' a 

t h e o r e t i c a l  peak model and f o r  determining e l u t a n t  t ime p o s i t i o n s .  From t h e  

s o l u t i o n  of t h e s e  e q u a t i o n s  f o r  t h e  va lue  of p,  we get the  s p e c t r a l  i n t e n s i t y  f o r  

each mass. 

t h e  e l u t a n t  l o c a t i o n  t o  o b t a i n  t h e  i n t e n s i t y - c o r r e c t e d  saectrum. 

Th i s  a n a l y s i s  i s  app l i ed  t o  a l l  mass fragmentograms w i t h  naxima n e a r  

Fragmentograms are selected f o r  t h i s  a n a l y s i s  on tke bas is  of s e v e r a l  

cr i ter ia .  Given t h e  non ina l  e l u t a n t  p o s i t i o n  from t h e  d e t e c t i o n  h i s t o g r a n  

z n a l y s i s ,  a fragmentogran is  excluded (mass spectrum ass igned  z e r o  i n t e n s i t y )  i f  

it has  no l o c a l  peak maximum o r  i f  its maximum i s  d i s p k c e d  from t h e  r e f e r e n c e  

e l u t a n t  p o s i t i o n  by more than  two t h i r d s  o f  a s p e c t r a l  scan time on e i t h e r  side. 

Each fragmentogram peak meeting t h i s  test  must also have an accep tab ly  h i g h  ra%e 

f a c t o r ,  t o  be inc luded  i n  t h e  a n a l y s i s .  For  peaks o f  rzsses g r e a t e r  t h a n  200 

amu, we r e q u i r e  a rate f a c t o r  greater than  25 percent  of t h e  ra te  f o r  t he  F-odel 

peak. This  r e s t r i c t i o n  is u s e f u l  f o r  e l i m i n a t i n g  c o n t r i b u t i o n s  caused by peaking 

i n  column bleed components. I n  c a r e f u l l y  examining GC/>!S dzta  sets,  we cm 

observe t h a t  masses c h a r a c t e r i s t i c  of t h e  s p e c t r a  of c c l u m  bleed  conponents  show 

maxima i n  t h e i r  mass fragmentograms j u s t  p r i o r  (one t o  cxo s?ectra) t o  t h e  

e l u t i o n  of an ac tua l  component. I n  essence  t h e  conponezt zippears t o  "pus'?-" t h e  

b l eed  o u t  ahead of i t s e l f ,  Because t h e s e  peaks are fo r red  by a d i f f e re -n t  p rocess  

than  normal e l u t a n t  mass fraqnentogram peaks,  t hey  u s u a l l y  hzve a much-brczder  

shape .  Consequently t h e i r  rate f a c t o r s  w i l l  be s i g n i f i c a n t l y  reduced aRd t h e y  

can be e l imina ted  by t h e  r a t e  th re sho ld  c r i t e r i o n .  The zccb ina t ion  of t h e  
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f ragnentogram peak l o c a t i o n  c r i t e r i o n  t o g e t h e r  w i t : ?  t h e  miciaurn ra te  c r i t e r i o n  

e f f e c t i v e l y  d i s c r i m i n a t e s  a g a i n s t  e x t r a n e o u s  c o n t r i b u t i o n s  t o  t h e  i n t e n s i t y -  

c o r r e c t e d  s p e c t r a  without  removing a u t h e n t i c  mass peaks.  

E x t r a c t i o n  of poor ly  SeDarated e l u t a n t  sDec t r a :  

14any i n s t a n c e s  a r i s e  i n  the a n a l y s i s  of GC/WS data  where two or  more 

e l u t a n t s  are poor ly  reso lved  by t h e  gas ch rona togmph .  The r e s u l t i n g  mass 

s p e c t r a  i n  such  a reg ion  e x h i b i t  i o n  i n t e n s i t y  d i s t o r t i o n s  which ref lect  t h e  

i n t e r a c t i o n s  (ove r l ap )  between a d j a c e n t  e l u t a n t s  i n  a d d i t i o n  t o  t h e  i o n  

c o n t r i b u t i o n s  of background. The e x t e n s i o n  of t h e  above procedures  t o  t h e  

g e n e r a l  case i s  n o t  d i f f i c u l t .  Through t h e  h i s t o g r a n  d e t e c t i o n  and model 

procedures ,  one  can e x t r a c t  normalized peak models P ,  Q ,  R ,  ... for  t h e  v a r i o u s  

e l u t a n t s  p r e s e n t .  Then wi th  t h e  assumption of a l i n e a r  background, t h e  

f ragaentogram p r o f i l e  Y can be approximated by mi?imizing t h e  e r r o r  func t ion  

2 E = C  ( Y t  - p Pt - q Qt - r R t  - ... - c - d t )  

w i t h  r e s p e c t  t o  t h e  e l u t a n t  ampl i tudes  p ,  q, r ,  ..., and t h e  background 

c o e f f i c i e n t s .  Sets of l i n e a r  e q u a t i o n s  r e s u l t  f o r  each mass t o  extract the 

re so lved  s p e c t r a .  I n  p r a c t i c e ,  we have n o t  implezented  t h i s  f u l l  procedure . 

beyond t h e  d o u b l e t  case. Through t h e  f o l l o w i n g  approximat ions ,  reasonable  ' . 

r e s u l t s  are a c h i e v a b l e  wi th in  a v a i l a b l e  mini-computer r e sources .  Using t h e  

histogram method described ea r l i e r ,  ne ighbor ing  e l u t a n t s  are handled wi th  a 

' lookahsad '  procedure.  

detected is stored and t h e  d e t e c t i o n  algorithm i s  a p p l i e d  t o  t h e  data i n  t h e  

immediate neighborhood by ex tending  t h e  r ange  OVSY which t h e  d e t e c t i o n  h is tograms 

are c a l c u l a t e d .  If by inc lud ing  t h i s  ex tended  r e g i o n  a n  a d d i t i o n a l  e l u t a n t  i s  

That is ,  in fo rma t ion  about  a n  e l u t a n t  t h a t  h a s  j u s t  been 
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d e t e c t e d ,  we record  t h e  p o s i t i o n  o f  i t s  mode, sPlect  a modal peak f o r  t h i s  s tcond 

e l u t a n t  u s i n g  t h e  r a t e  c r i t e r i o n ,  and i n i t i a t e  a double t  r e s o l v e r  a l g o r i t h z ~ .  A t  

p r e s e n t ,  t h e  extended his tograms p r o j e c t  f o u r  spec t ra l  scan x i d t h s  beyond t h e  

p o s i t i o n  where t h e  f i r s t  e l u t a n t  o f  t h e  m u l t i p l e t  was de tec t ed .  The sane  

c r i t e r i a  are a p p l i e d  as  i n  t h e  s i n g l e t  case t o  dec ide  which f ra -nsn togran  peaks 

belong t o  t h e  p a i r  of  detected components. The model used t o  p rocess  t h e  

composi te  fragmentogram peaks (many of  which may be s i n g l e t s  belonging t o  e i t h e r  

e l u t a n t )  assumes t h a t  there are  two ove r l app ing  peaks superimposed on a l i n e a r  

background. A schematic  r e p r e s e n t a t i o n  of t h i s  model is g iven  i n  F igu re  6 .  3 e  

d o u b l e t  model r e p r e s e n t s  an o v e r s i m p l i f i c a t i o n  of  some s i t u a t i o n s  as,  f o r  

example, i n  t h e  case where 3 components e l u t e  w i t h i n  a very  b r i e f  i n t e r v a l .  1% 

prov ides ,  f o r  t h e  most p a r t ,  however, a c c e p t a b l e  accuracy f o r  r e s o l v i n g  m g l t i p l e t  

GC peaks and e s t i m a t i n g  i n d i v i d u a l  mass s p e c t r a  f o r  t h e  r e s p g c t i v e  coaponents.  

As i n d i c a t e d  above, a least s q u a r e s  f i t  o f  t h e  two peak models P and Q t o  t h e  

fragmentogram p r o f i l e  Y wi th  a l i n e a r  background nay be desc r ibed  by t h e  equat ion  

Yt = p P t + q Q  + c + d t  t 
A t  minimum e r r o r  t h i s  y i e l d s  f o u r  l i n e a r  e q u a t i o n s  as fo l lows:  

I n  cases where peaks are a c t u a l l y  s i n g l e t  peaks they  should  y i e l d  z e r o  f o r  

t h e  a m p l i t u d e  o f  t h e  missing component. I n  p r a c t i c e  f o r  such cases t h e  a p l i t u d e  

o f  t h e  second conponent is a very  small p o s i t i v e  o r  nega t ive  va lue  t ihich is 

r e p r e s e n t a t i v e  of  how wel l  t h e  model fits t h e  data .  Aslp l i tude  r e s u l t s  f o r  masses 
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t h a t  belong t o  t h e  second component of t h e  doublet  a re  s t o r e d  t e m p o r a r i l y  u n t i l  

t h i s  component i s  moved i n t o  t h e  process ing  window a t  which t i n e  they  are 

i n c o r p o r a t e d  i n t o  t h e  a n a l y s i s  o f  t h e  newly detected conponent.  

Recons t ruc t ion  of s a t u r a t e d  peaks i n  e l u t a n t  s o e c t r a :  

From a p r a c t i c a l  viewpoint ,  a f a i r ly  comnon occur rence  i n  GWMS data  

c o l l e c t i o n  sys tems is t h e  problem o f  mass peak s a t u r a t i o n .  S a t u r a t e d  peaks occur  

when t h e  c o n c e n t r a t i o n  o f  a component i n  t h e  ion  source  i s  such t h a t  f o r  one o r  

more ion  masses the  d e t e c t i o n  system ana log - to -d ig i t a l  c o n v e r t e r  becomes 

over loaded .  S a t u r a t e d  peaks are e a s i l y  detected because of t h e i r  character is t ic  

f l a t  t o p s  which have a n  ampli tude determined by t h e  ove r load  l i m i t  o f  t h e  

d e t e c t i o n  system (e.g. ,  t h e  s a t u r a t i o n  va lue  i s  4095 i f  a twe lve -b i t  analog-to- 

d i g i t a l  c o n v e r t e r  forms p a r t  o f  t h e  d e t e c t i o n  system).  

saturated mass fragmentogram peak superimposed on a l i n e a r  background. 

F i g u r e  7 r e p r e s e n t s  a 

I f  we are t o  o b t a i n  accurate i n t e n s i t y  p r o f i l e s  f o r  component s p e c t r a  t h a t  

i n c l u d e  one o r  more s a t u r a t e d  mass peaks it is  e s s e n t i a l  t h a t  w e  r e c o n s t r u c t  

t h e s e  s a t u r a t e d  peaks i n  a way t h a t  w i l l  g ive  a r e l a t i v e l y  p r e c i s e  estimate o f  

t h e i r  t r u e  ampl i tudes .  

t h e  least s q u a r e s  model t h a t  we de r ived  i n  t h e  p reced ing  s e c t i o n s .  

A convenient  way t o  do t h i s  i n  t h e  s i n g l e t  case is  t o  use  

To a c t u a l l y  

app ly  i t  fo r  r e c o n s t r u c t i o n  o f  s a t u r a t e d  mass fragmentogram psaks  we need t o  make 

a small m o d i f i c a t i o n  t o  t h e  equat ions .  Instead of summinq o v e r  a l l  t h e  p o i n t s  i n  

t h e  peak, w e  sum o v e r  on ly  those  p o i n t s  t h a t  are n o t  sa tura ted  i n  t h e  

fragmentoqram, and l e t  N 

t h e  peak mode we u s e  t h e  

analyzed.  fin example of 

r ep resen t  t h e  number of such p o i n t s .  As an estimate of 

mode o f  t h e  i n t e n s i t y  h is togram for t h e  component be ing  

r e c o n s t r u c t i o n  o f  a mass spectrurn wi th  s a t u r a t e d  i o n  

i n t e n s i t i e s  is g i v e n  i n  F igure  8. F igu re  8a shows a saturated spectrurn o f  
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t e t r a c o s a n e  and  F igure  8b  i s  t h e  cor responding  r e c o n s t r u c t e d  spec t run .  

c l ea r  t h a t  t h e  r econs t ruc t ed  s p e c t r u n  w i l l  g i v e  a far be t te r  match w i t h  

s p e c t r u n  than  t h e  s a t u r a t e d  spectrum which i s  badly  s z t u r a t e d  a t  masses 

It is 

a l i b r a r y  

43, 57, 

and 71. 

Before l e a v i n g  t h e  d i scuss ion  o f  s a t u r a t i o n  we should p o i n t  out  t h a t  we have 

n o t  i n  p r a c t i c e  extended t h e  procedure f o r  s a t u r a t i o n  c o r r e c t i o n  of  s i n g l e t  peaks 

t o  t h e  doublet  case as we be l i eve  t h a t  it would b e  inadequate  f o r  re l iable  

i n t e n s i t y  estimates. 

i n s u f f i c i e n t  data t o  a c c u r a t e l y  estimate t h e  ampl i tude  o f  each m u l t i p l e t  

component. Desp i t e  such c o r r e c t i o n  a l s o r i t h m s ,  there  i s  no s u b s t i t u t e  f o r  t h e  

I f  t o o  many p o i n t s  are overloaded t h e r e  w i l l  be 

c o l l e c t i o n  o f  good q u a l i t y  raw data a t  t h e  start .  

RESULTS AND DISCUSSION: 

The program based on t h e  a l g o r i t h m  o u t l i n e d  i n  the  preceding s e c t i o n s  has  

been tested on a wide v a r i e t y  of  b i o l o g i c a l  samples.  It f i ts  comfortably i n t o  a 

DEC PDP 11/45 computer ( w i t h  28k of  memory) and takes approximately 8 minutes  t o  

ana lyze  a raw GC/MS data set  o f  600 mass s p e c t r a  (scanned from mzsses 40 t o  450). 

Much of t h i s  time is  spen t  i n  r e a d i n g  t h e  raw data from t h e  d i s k  and o t h e r  input -  

o u t p u t  ope ra t ions .  Copies of t h e  program, which i s  w r i t t e n  i n  FORTRAN, are 

a v a i l a b l e  from t h e  au tho r s .  

a n a l y s i s  s y s t e m  for t h e  GC/MS a n a l y s i s  o f  u r i n e  and blood samples.  

reduces t h e  raw GC/MS data s e t  of approximately 600 s p e c t r a  t o  a se t  of about 60 

r e so lved  e l u t a n t  s p e c t r a  which are then  matched a g a i n s t  a l i b r a r y  of mass s p e c t r a  

of b i o l o g i c a l  compounds. T h i s  whole p r o c e s s  takes about  20 minutes  and produces 

Cur ren t ly  t h i s  program forms p a r t  o f  an au tona ted  

The program 

a n  a n a l y s i s  o f  t h e  sample,  with known compounds i n  t h e  n i x t u r e  i d e n t i f i e d  2nd t h e  

remaining unknown set  marked f o r  f u r t h e r  s t u d y  by chemists o r  o t h e r  DENDRAL 

programs (11,  12,  and 13). 
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I n  e v a l u a t i n g  performance of t h e  p r o g r m ,  a m j o r  i s sue  i s  how well i t  is  

able  t o  de tec t  e l u t a n t s  i n  t h e  da ta .  The v e r t i c a l  bars on t h e  T I C  ( F i q u r e  2)  

i n d i c a t e  a l l  t h e  p l a c e s  where t h e  program de tec t ed  and i s o l a t e d  a component from 

t h e  raw GC/MS data.  

e l u t a n t s  detected n e a r  spectrum numbers 492 and 543 i n  t h e  t o t a l  i o n  c u r r e n t  p l o t  

shown i n  F i g u r e  2. Although there  i s  no evidence of maxima i n  t h e  T I C  i n  t h e  

r e s i o n s  n e a r  492 and 543, t h e  program was able t o  detect  and isolate  q u a l i t y  

s p e c t r a  of known compounds. I n d o l e  a c e t i c  acid methyl ester ( F i g u r e  1 )  is  found 

n e a r  spectrum number 492 and i s  c l e a r l y  subm.rrged i n  background and over lapping  

c o n t r i b u t i o n s ,  whi le  4-methoxybenzoyl g l y c i n e  n e t h y l  ester ( F i g u r e  9 )  detected 

The program's power of d e t e c t i o n  is  i l l u s t r a t e d  by t h e  

n e a r  spectrum 543 i n  F igu re  2 is  almost  completely masked by t h e  l a r g e  

c o n c e n t r a t i o n  of hydrocarbon i n t e r n a l  s t a n d k d  (n-C24H50) which maximizes a t  

spectrum nurnber 545. The d e t e c t a b i l i t y  of unresolved e l u t a n t s  is c l e a r l y  a 

f u n c t i o n  of t h e i r  ampl i tude  r e l a t i v e  t o  neighboring components and background. 

One way t o  c h a r a c t e r i z e  t h i s  i s  t o  measure t h e  r a t i o  o f  t h e  t o t a l  i on  i n t e n s i t y  

(sum of t h e  mass spectrum ampl i tudes)  i n  t h e  r e so lved  spectrum compared t o  t h a t  

i n  t h e  unprocessed spectrum i n c l u d i n g  background and o v e r l a p  effects. The mass 

spectrum of t h e  processed component a t  spectrum number 492 compr ises  only  4 

p e r c e n t  of  t he  t o t a l  raw ion  c u r r e n t ,  
-- 
. -  It can be expected t h a t  t h e r e  w i l l  be 

problems d e t e c t i n g  components with an ion  c u r r e n t  r a t i o  t h a t  f a l l s  much below a 

l e v e l  of 4 p e r c e n t .  Also i f  two compounds e l u t e  w i t h i n  less t h a n  1.5 t o  2 

spec t ra l  s c a n  times of one a n o t h e r ,  there i s  an i n c r e a s i n g  chance  t ha t  t h e  

program w i l l  make the  wrong d e c i s i o n  a s  t o  uhe ther  there i s  one  or a c t u a l l y  two- 

e l u t a n t s  p r e s e n t .  

between a d j a c e n t  e l u t a n t s  and t h e  s t a b i l i t y  w i t h  which peak p o s i t i o n s  can be 

Such e r r o r s  are also dependent on t h e  i o n  c u r r e n t  r a t io  

determined.  
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As an example of  doublet  r e s o l u t i o n  cons ide r  t h e  r eg ion  n e a r  s p e c t r u a  

n u i b e r s  317 and 318 i n  F igure  2. The program d e t e c t s  t h a t  t h e r e  a r e  two e l u t a n t s  

and F i z u r e s  10 and 11 i l l u s t r a t e  t h e  raw and reso lved  s p e c t r z  a t  t h e s e  l o c a t i o n s .  

The spectrum i n  F igu re  10b i s  a good r e p r e s e n t a t i o n  f o r  4-methoxyphenylacetic 

acid n e t h y l  ester. The o the r  component i s  an unknown a romat i c  e s t e r .  The 

s p e c t r u n  a t  index  number 308 (Figure  2) i s  shown i n  F i g u r e  12 and is another  

example of how t h e  program d e t e c t s  and c o r r e c t s  a small i s o l a t e d  component (furan. 

d i c a r b o x y l i c  acid d imethyl  ester). 

We have e v a l u a t e d  t h e  e f f i c i e n c y  of  background reffioval f o r  s i n g l e t  e l u t a n t s  

by examining t h e i r  mass fragmentograms. After c a l c u l a t i n g  t h e  l e a s t  squa res  peak 

and background l e v e l s ,  we concluded t h a t  t h e  computed r e s u l t s  are c o n s i s t e n t  (5  - 
10 pe rcen t )  w i t h  human estimates. 

peaks whose shapes  were more s e n s i t i v e  t o  n o i s e  d i s t o r t i o n s .  

They tended t o  be  l e s s  a c c u r a t e  f o r  very weak 

For t h e  m u l t i p l e t  case, where the peak p r o f i l e s  can 36 cons ide rab ly  more 

complex, t h e r e  i s  a s t r o n g e r  p o s s i b i l i t y  t h a t  t h e  model w i l l  n o t  produce a c c u r a t e  

ampli tude in fo rma t ion .  I n  such c a s e s ,  as when t h e r e  are t h r e e  r a t h e r  t han  two 

e l u t a n t s  p r e s e n t ,  t h e r e  i s  a danger t h a t  background c o n t r i b u t i o n s  w i l l  be 

i n c o r r e c t l y  estimated. We feel  however t h a t  use o f  a more coap lex  model f o r  

t r i p l e t s  is  n o t  l i k e l y  t o  be able  t o  gua ran tee  much g r e a t e r  p r e c i s i o n  because o f  

t h e  l i m i t e d  accuracy  o f  t h e  raw data i t s e l f .  Problems most f r e q u e n t l y  occur  when 

a small amount of an e l u t a n t  occurs  j u s t  p r i o r  t o ,  o r  j u s t  a f t e r ,  a n  e l u t a n t  o f  

h igh  concen t r a t ion .  The i n t e n s i t i e s  o f  peaks i n  t h e  small e l u t a n t  t h a t  are 

common t o  t h e  l a r g e  e l u t a n t  tend t o  be l e s s  a c c u r a t e l y  c a l c u l a t e d  than  s i n g l e t  

peaks and sometimes may even be discarded-as  n e g l i g i b l e  i f  t h e i r  i n t e n s i t y  

r e l a t i v e  t o  t h e  l a r g e  peak f a l l s  much below 10 pe rcen t .  

Comparison w i t h  l i b r a r y  mass s p e c t r a  has  i n d i c a t e d  t h a t  c o r r e c t i o n  o f  
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i n t e n s i t i e s  f o r  s a t u r a t e d  s i n g l e t  peaks i s  s a t i s f i c t c r y .  However, a s  expec ted  

t h e  accuracy of t h e  c a l c u l a t i o n  decreases as pedcs becone mare h e a v i l y  s a t u r a t e d .  

I n  our  case we are  working wi th  model peaks t h a t  extend over  nine p o i n t s  ( i . e . ,  

n i n e  scan  w i d t h s ) .  If more t h a n  f o u r  of a peak's n i n e  po in t s  are s a t u r a t e d  w e  

can expec t  t h a t  i t s  estimated i n t e n s i t y  w i l l  have only l i m i t e d  accuracy  because 

t h e r e  is i n s u f f i c i e n t  i n fo rma t ion  l e f t  t o  a c c u r a t e l y  c h a r a c t e r i z e  its shape.  

An example w i l l  i l l u s t r a t e  t h e  o v e r a l l  perfo,mancs of t h e  program. L e t  u s  

cons ide r  i n  d e t a i l  t h e  spectrum of t h e  e lu t an t '  de t ec t ed  n e a r  spectrum number 492 

(F igu re  2 ) .  

spectrum (F igure  3 )  shows t h a t  t h e  basic s p e c t r a l  i n t e n s i t y  p r o f i l e s  are v e r y  

s i E i l a r  even i n c l u d i n g  t h e  very  low i n t e n s i t y  ion  of mass 89. Some v e r y  small 

i o n s  (of i n t e n s i t y  l ess  than  5 p e r c e n t  r e l a t i v t ?  abundance) are a b s e n t  from t h e  

A comparison of t h e  r e so lved  s p c c t r u 3  Figure  l b  w i th  a l i b r a r y  

reso lved  spectrum because they  have been lost i n  t h e  background no i se .  It is 

worth n o t i n g  t h a t  - t h s r e  -at-=! r ?3  peaks p re sen t  i n  t h e  reso lved  spectrum t h a t  ai-a 

not  i n  t h e  l i b r a r y  spectrum, t h a t  i s ,  t h e  ex t raneous  mass s p e c t r a l  peaks i n  t h e  

raw data i n c l u d i n g  peaks a t  masses 105, 253,and 315 are not  inc luded  i n  t h e  

resolved spectrum. 

51,62,  65, and 77 have been changed s i g n i f i c a n t l y  from t h e i r  l e v e l s  i n  t h e  raw 

d a t a .  This  i l l u s t r a t e s  t h e  impor tance  of c o r r e c t i n g  t h e  i n t e n s i t i e s  f o r  

The r e l a t i v e  i n t e n s i t i e s  of t h e  mass s p e c t r a l  peaks a t  masses 

- _  

background. The mass s p e c t r a l  peaks a t  masses 51, 52, 63, 78, and 129 appea r  t o  

maxinize n e a r  spectrum 496 i n  t h e  raw data i n s t e a d  of spectrum 492 because of t h e  

over lapping  c o n t r i b u t i o n s  of a poor ly  reso lved  e l u t a n t .  

Condi t ions  a r i se  i n  t h e  raw GCA4S d a t a  f o r  which it  is  no t  p o s s i b l e  t o  

e x t r a c t  unambiguously h igh  q u a l i t y  mass s p e c t r a .  

to-background r a t i o  f a l l s  s i g n i f i c a n t l y  below 5 percent .  

very weak i n t e n s i t y  i o n s ,  i n c l u d i n g  i s o t o p e  i o n s ,  u s u a l l y  do n o t  appea r  i n  t h e  

One case i s  when t h e  e l u t a n t -  

I n  t h e s e  cases,  t h e  
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reso lved  mass s p e c t r a .  The o t h e r  d i f f i c u l t i e s  a r i s e  whsn it is  n o t  p o s s i b l e  t o  

d e t e c t  t h e  presence of m u l t i p l e  e l u t a n t s  because they  occur  w i t h i n  l e s s  t h a n  one 

mass spectrum scan  time of each  other.  I n  t h i s  case, t h e  processed spec t rum 

r e p r e s e n t s  t h e  mixture  of t h e  two e l u t a n t s .  

I n  g e n e r a l ,  we have found t h a t  t h e  p re sen t  s y s t e a  i s  capable of d e t e c t i n g  

and i s o l a t i n g  h igh  q u a l i t y  r e p r e s e n t a t i v e  mass spectra i n  GC/MS exper iments  

i nvo lv ing  complex b i o l o g i c a l  mix tures .  
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FIGU 2 E C.4 PTIONS : 

1.  ( a )  Spectrum of i n d o l e  a c e t i c  a c i d  3-methyl e s t e r  from a GC/MS a n a l y s i s  of 

human u r i n e  be fo re  process ing .  

( b )  Resolved spectrum of i n d o l e  acetic acid 3-methyl ester. 

2. Total i o n  c u r r e n t  p l o t  f o r  a GC/MS a n a l y s i s  of a u r i n e  sample.  Components 

were found a t  v e r t i c a l  bar marks on TIC.  

3. Nass s p e c t r u a  o f  i n d o l e  a c e t i c  acid 3-methyl ester t aken  from a l i b r a r y  of 

b i o l o g i c a l  compounds. 

4 ,  A schemat ic  r e p r e s e n t a t i o n  o f  t h e  set  of p a r t i a l  mass fragmentograms f o r  two 

c l o s e l y  spaced e l u t a n t s .  Components A and B have some masses i n  common. 

5. Model f o r  a s i n g l e t  peak located on a l i n e a r  ( s l o p i n g )  background. 

6 .  Model for  a mass fragmentogram c o n t a i n i n 6  a doub le t  superimposed on l i n e a r  

s l o p i n g  background. 

7. .Madel. for  a s a t u r a t e d  s i n g l e t  peak on a l i n e a r  background. 

8. ( a )  S a t u r a t e d  unprocessed mass spectrum f o r  t e t r a c o s a n e .  

( b )  Spectrum o f  t e t r a c o s a n e  after process ing  and c o r r e c t i o n  fo r  s a t u r a t i o n .  

9. ( a >  Mass spectrum o f  4-methoxybenzoyl g lyc ine  methyl ester before process ing .  

( b )  Resolved spectrum o f  4-methoxybenzoyl g l y c i n e  methyl ester. 

10. ( a )  Mass spectrum of 4-methoxyphenylacetic acid methl  ester b e f o r e  

p rocess ing .  

( b )  Resolved mass spectrum o f  4-methoxyphenylacetic acid methyl  ester.  

11. ( a )  Spectrum of an unknown aromat ic  es te r  b e f o r e  p rocess ing .  

( b )  Resolved spectrum o f  unknown ester  i n  F igu re  l l a .  - 

12. ( a )  Spectrum o f  f u r a n  d i ca rboxy l i c  acid d imethyl  ester b e f o r e  process ing .  

( b )  Resolved spectrum of  f u r a n  d i ca rboxy l i c  a c i d  d ime thy l  ester.  
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